It seems an established empirical fact that Superfund sites lower local property values. Two recent literature reviews (Farber, 1998, Boyle and Kiel, 2001) report that published academic papers on the topic verify that point. The EPA's approach assumes that all sites negatively impact property values, and that the impact is similar for all sites. This paper examines 74 National Priorities List (NPL) sites in 13 U.S. counties in order to test these two implicit assumptions. Following the hedonic approach of Kiel (1995) and Kiel and McClain (1995), we find that some sites have the expected negative impact, while other sites have either no impact or a positive impact on local property values. We also consider the possibility of 'stigma' from sites by looking at those sites that have been cleaned during our sample period and find that some sites do appear to suffer from stigma, while others do not. We then use a metaanalysis approach to examine what factors affect the likelihood and extent of a decrease in property values near the sites. We find that larger sites in areas with fewer blue-collar workers are more likely to have the expected negative impact on local house prices. JEL Classification Codes: Q51, Q53, Q58, R21
Introduction:
It seems an established empirical fact that Superfund sites lower local property values. Two recent literature reviews (Farber, 1998, Boyle and Kiel, 2001 ) report that published academic papers on the topic verify that point. The U.S. Environmental Protection Agency states that " [R] eview of a number of empirical studies indicates that the negative impact of Superfund sites on property values generally ranges from two to eight percent." (Harris, 2003) . These values can then be used to estimate the economic benefits of cleaning Superfund sites (Kiel and Zabel, 2001 ). The EPA's approach assumes that all sites negatively impact property values, and that the impact is similar for all sites. This paper examines 74 National Priorities List (NPL) sites in 13 U.S. counties in order to test these two implicit assumptions.
Empirical studies generally use the hedonic approach (Rosen, 1974) to examine the impact of Superfund sites on local property values. The researchers regress various house and neighborhood characteristics on the sales price (or assessed value) of houses to uncover the effect of the presumed negative externalities. As stated above, published studies confirm that Superfund sites do indeed lower local house prices. However, it is possible that studies are only published if they find the 'expected' results (Smith and Huang 1993) . Or it is possible that researchers choose to examine sites that are more notorious, and thus are likely to be regarded as negative externalities in the community, leading again to the 'expected' results. Given the variation in the types of Superfund sites, it is possible that different sites are less damaging to the local area or that they may even be seen as acceptable neighbors if, for example, they are sources of employment. This paper avoids these possible biases by examining all Superfund sites in the counties being studied to see whether the sites have the impacts reported in previous studies. The hedonic regressions that are estimated are kept as similar as possible in order to minimize the impact of different specifications on the results. We follow the methodology of Kiel (1995) and Kiel and McClain (1995) and estimate the regressions for various time periods defined by the role of the EPA in the identification and cleaning of the site. We find that some sites have the expected negative impact, while other sites have either no impact or a positive impact on local property values. We also consider the possibility of 'stigma' from sites by looking at those sites that have been cleaned during our sample period. We find that some sites do appear to suffer from stigma, while others do not.
We then use a meta-analysis approach to examine what factors affect the likelihood and extent of a decrease in property values near the sites. We find that larger sites in areas with fewer blue-collar workers are more likely to have the expected negative impact on local house prices. This information should be helpful to the U.S. Environmental Protection Agency as they try to estimate the financial impact of cleaning such sites. It also sheds light on the Agency's ability to 'transfer' the results from previous studies to other sites that have not been studied.
Literature Review:
Previous empirical studies have concurred that Superfund sites do lower neighboring property values. Most of these papers use the hedonic approach to study the impact (see Freeman (2003) for a detailed discussion of hedonic theory). This technique assumes that houses are composites of the housing characteristics they embody (such as the number of bedrooms and lot size) as well as the neighborhood characteristics (such as distance from a toxic waste site). By regressing the various characteristics on the sales price or assessed value of the house, the estimated coefficients reveal the marginal impact of a change in that characteristic on the price of the house, holding all else constant.
Thus both the sign and statistical significance of the coefficient measuring the possible impact of the Superfund site are of primary importance in these studies.
Farber (1998) reviews published papers that examined the impact of all undesirable land uses, including National Priorities List (NPL) sites. He reports on five papers on NPL sites: Adler et al (1982) , Kohlhase (1991) , Michaels and Smith (1990) , Clark and Nieves (1994) and Greenberg and Hughes (1992) . Adler et al examine a hazardous waste site in New Jersey in 1974 and report a negative impact of $9,468 per mile (1993 dollars) on local house values up to 2.25 miles away. Kolhase studies a hazardous waste site in Texas and finds a statistically significant decrease of $3,357 (1993 dollars) per mile in house prices that disappears once the site is declared by the EPA to be clean. Michaels and Smith look at hazardous waste sites in suburban Boston and find a statistically significant effect on property values that increases once the site is discovered (not all their sites are on the NPL during the period they study). They find differing impacts in areas that vary in housing quality as defined by real estate agents, reporting that prices increase by $3,310 (1993 dollars) per mile further from the site.
Clark and Nieves include the number of hazardous waste sites in a county in their regression on property values and find that the impact is not statistically significant.
However, their study pre-dates Superfund. Greenberg and Hughes do not use hedonic regressions, but instead look at communities in New Jersey with and without Superfund sites and find that the communities with sites have lower rates of housing appreciation than those without such sites.
Kiel and Boyle survey hedonic studies that examine the impact of any type of environmental good on local house prices. They discuss six studies of NPL sites, three of which are also included in Farber's paper (Kolhase, Michaels and Smith, and Clark and Nieves). They also include Kiel (1995) , Dale et al (1999) and Blomquist et al (1999) .
Kiel looks at two Superfund sites in Woburn, Massachusetts and finds a statistically significant impact on local house prices after the EPA announces that it is a Superfund site. The impact is an increase of $1,377 (1982-3 dollars) per mile from the site. Dale et al study an NPL site in Texas and get the expected results of an increase in property values as distance from the site increases. Blomquist et al include the number of Superfund sites in the county in a regression on monthly housing expenditures and get a positive estimated coefficient that is statistically significant. Their study differs from most of the others in that it includes several other pollution measures which may be highly correlated with the number of hazardous waste sites.
Thus is seems to be a generally accepted fact that Superfund sites do lower local housing values. Harris (2003) states that the EPA believes this to be true, and that the EPA uses an estimate of a decrease in values of 2-8 percent. These assumptions appear to follow the evidence reported above, and can be used to estimate some of the economic benefits of cleaning up the sites.
The authors of several of the hedonic studies have commented on whether or not Superfund sites appear to be 'stigmatized ' (e.g. Kolhase, 1991, McClusky and Rausser, 2003) . If local house prices completely recover after the site has been cleaned, then it would appear that the sites do not have any stigma attached to them. If, however, prices near the site continue to remain low as seen by the coefficient on distance from the site remaining positive and statistically significant well after cleaning has occurred, then the site can be seen as suffering from stigma -even though it is clean people still prefer not to locate close to it. Kolhase reports that prices recover completely after the cleaning has occurred. McClusky and Rausser find that houses very close to the site do suffer from stigma over time, while those houses further away do not.
Hedonic Model:
In order to examine the impact of Superfund sites on local house prices, we use a unique data set developed by the U.S. EPA. The data set used in this analysis includes information on real estate transactions and characteristics at the housing unit level for 20 counties across the country from 1970 to 1990.
1 Using Geographic Information System (GIS) protocols to measure distance between points, the housing data were linked to other observations in the data set. Data include (1) information on house sales in the county, including sales price and physical characteristics of each house; (2) block group level census data on income and racial characteristics of the area in 1970, 1980 and 1990; (3) environmental data on air quality, proximity to Superfund sites, proximity to hazardous waste sites, distance to the nearest water body; and (4) information on neighborhood amenities. The housing data were obtained from a vendor who geocoded the data so that other spatial data could be added. In the data set, Census data from 1970, 1980 and 1990 2 were linked to the housing data by year of sale. The block group was used as the key for linking the appropriate demographic data with the house record.
3
The data set also includes additional neighborhood variables, including landmark data on trailer courts, jails, prisons, educational institutions, employment centers, and national parks. Not all items are available for all counties, so these variables were not used in this study for the sake of consistency.
A number of pollution variables are also included in the full data set. In following most other researchers, we have chosen to include only information on Superfund sites. NPL variables available in the data set include information on the date of discovery, proposal, listing, and remedial action; total size of the site; distance in miles from the nearest NPL site to house; year waste treatment, storage, or disposal began at the site; and the year waste treatment, storage, or disposal ended at the site 4 .
We use the estimation approach developed by Kiel and McClain (1995) Our hedonic regression is specified so as to be as similar as possible across the different county data sets (see Table 1 for variable definitions and some descriptive statistics for one site). The regression we estimate is: The first five variables are included in all regressions, as are the relevant sale-year dummies.5 The amenity coefficients (b6 through b9) are not estimated for some regressions due to insufficient data. Insufficient census data (variables corresponding to coefficients b10 through b14) prevent their inclusion in a handful of regressions; these are indicated in Table 3 by stars placed in the "SITE" field.
5 In counties where building area is not available, the area of the entire lot is used.
The twenty county-level data sets included information on 74 NPL sites in 13 of the counties. For a given site, only houses within three miles of the site are included, as numerous studies (e.g. Adler et al, Kohlhase, Kiel) have shown that an NPL site's effect on housing prices diminishes greatly at distances greater than three miles. To nullify the effect of tax differences amongst cities, the data set for a given NPL site is further limited to include data from only a single city, usually that in which the site is located. Also, due to the fact that a particular house is linked only to that NPL site which it is closest to, the simultaneous effects of multiple NPL sites upon any given area could not be gauged.
This preliminary cleaning of data eliminated 17 of the 74 sites from consideration.
Some sites were excluded because the population density within their three-mile radius was too low, so that the site lacked a sufficiently large number of nearby house sales.
Some sites located near to other sites possessed an insufficiently large number of observations because surrounding houses would be coded to the other, closer site.
Data for the remaining 57 sites are partitioned into the six time frames as mentioned previously. To eliminate potential outliers, we exclude the top and bottom five percent of house sales ranked by sales price. A procedure is also undertaken to eliminate data points that are particularly influential in the regression6. Since we are using cross-sectional data, procedures were undertaken to correct the standard errors for heteroskedasticity7. While not altering the estimator for the coefficient on NPLDIST, the correction does adjust the level of significance (shown as "Chi²" in Table 2 and 3).
Hedonic Results:
In Tables 1 and 2 we report the summary statistics and the estimated coefficients from the hedonic regressions for one site, the Petroleum Products Corporation of Pembroke Park, Florida.8 This company's site, based in Broward County, was selected because it is similar to many previous studies; it finds a positive and significant coefficient for NPL distance in the period following official NPL listing, a significance that disappears once cleanup is undertaken.
The site became polluted through the improper disposal of chemicals, such as sulfuric acid that was used to refine waste oil, as well as through leaks of the oil itself.
The contamination, which occurred between 1952 and 1972, bore the added social cost of polluting the aquifer beneath the site, from which many surrounding towns derived their water supplies. Though the EPA succeeded in forcing the company to remove all of its drums, tanks, and other surface pollutants in 1987, the site has remained contaminated due to the seepage of the pollutants. This explains the positive significance of NPL distance on housing prices in the period between 1988 and 1992. Since 1987, the tactics used to recover the spilled oil and associated sludge have grown more elaborate, and even now the site has not been removed from the NPL. However, one could assume that, by 1993, local housing buyers considered the site to be clean enough to discount it from their buying decision, given the insignificance of the coefficient on distance to the NPL site in the final regression period.
Since our primary focus is on the effect of the official NPL listing on housing prices, we present the estimated coefficients on the log of distance to the nearest site for each of the periods and each of the sites in Table 3 (complete results available from the authors upon request). Of the 57 regressions for these sites, 18 produce statistically significant (Chi² < .05) and positive correlations between LNDIST and sale price, that is, increases in the log of distance from the site increased the homes' value after the site was listed on the NPL. Seven produce significantly negative correlations, and the remaining 32 are not statistically significant at the 5% level. While only 18 of the 57 sites create a clear decrease in housing prices once they were placed on the NPL, it should be noted that 33 of the 57 sites negatively affect prices at some point during their existence.
Overall, the adjusted R 2 s for the regressions range from a low of -2.1266 in For the 18 sites that produce positive and statistically significant coefficients on LNDIST, we report the dollar value and percentage impact on house prices (see Table 4 ).
The former is calculated by multiplying the estimated coefficient by the ratio of the mean sales price to the mean distance in that county during that period. The percentage impacts range from a low of 0.94% to a high of 92.06% with a mean of 16.26% and a median between 6.34 to 7.52 %; thus the impacts can be greater than the two to eight percent range suggested by the EPA but that could be due to unusual sites.
Our data also allow us to examine our sites for possible stigma effects. We have four sites with data from all six periods; these are sites that have been 'cleaned' by the EPA during our sample period. The Hollingsworth Solderless Terminal in Fort
Lauderdale was cleaned by 1992 so we have four years of house sales past that date. The site was seen as a negative externality in earlier periods, and remained so even after cleaning. Thus it would appear that this site suffers from stigma. This finding is in line with McCluskey and Rausser who reported that stigma existed within 1.2 miles of a cleaned site.
The Miami Gold Coast site was cleaned by 1991 so we have data for the following five years. This site was seen as a negative externality in the third period, but had no impact on house prices during the cleaning period nor during the period after that.
In fact, it becomes a positive externality (statistically significant at the 5% level) once cleaning is complete. Thus this site does not appear to have any stigma attached to it. This is similar to Kohlhase's finding that the premium for distance from such a site disappears once the site is cleaned.
Two other sites (Jibboom in Sacramento and Intel in Santa Clara) are never seen as either positive or negative externalities. Thus cleaning these sites appears to have no impact on local prices. Our results thus indicate that cleaning sites does not automatically remove stigma, although in some cases stigma might not be an issue. It appears that each site is unique in this regard. It appears that the two other previous studies that looked at stigma are correct for their sites, but that policy analysis must remember that sites can vary.
Meta-Analysis:
We find that some Superfund sites do have a negative effect on local property values, while others do not. In order to explore why this might be, we use a metaanalysis. This approach has been used by others (e.g. Smith and Huang (1993) who study hedonic models that examine the impact of air pollution on house values) to categorize groups of previous studies. We use the technique in a slightly different way; we have 57 sites that we have examined in a similar time frame and using a similar model specification. We then look to see if differences in the sites can help explain differences in the results.
The dependent variable in our meta-analytical model is a dummy variable (FOURTH) which is set equal to one for those sites whose coefficients on LNDIST were positive and significant for the period following official NPL listing, and is equal to zero if the estimated coefficient is negative or statistically insignificant. The independent variables include the size of the site, the nature of the site, the number of observations in the hedonic regression, and whether or not the site was ever perceived as a negative externality (as indicated by a positive and statistically significant coefficient on NPLDIST in any of the hedonic regressions from an earlier period) (see Table 5 for a complete list of variables and their means and standard deviations).
This model was applied to 55 of the 57 sites listed above (Moss-American in Milwaukee County and Valley Park TCE in St. Louis County lacked sufficient data regarding the size of the site), with 18 of the sites having been determined as having coefficients on LNDIST that are positive and significant. The regression is estimated using a probit model (see Table 6 for results.)
The meta-analysis reveals that the size of the site is positively related to obtaining a positive and statistically significant coefficient on distance from the site in the first regression, i.e. the larger the site, the more likely it is to have a negative influence on local sales prices. The number of observations is also positively related and marginally significant, i.e. sites with a greater number of nearby home sales (and thus sites with higher surrounding population densities) tend to detract more from housing values.
Hedonic regressions with larger sample sizes are more likely to yield the expected results.
Larger sample sizes in our case mean more houses sold within the three mile radius; the 
Conclusions:
Based on the data generated through this study, it is the authors' opinions that, due to the widely varying affects that NPL sites have on nearby housing prices, it may not be in the best interests of the EPA to adopt a "one size fits all" formula for estimating the financial benefits from the cleanup of a given site. Any given NPL site possesses a body of characteristics that sets it apart from all others: its size, location, relative level of contamination, etc. It appears in many cases that a certain site's characteristics will not raise sufficient enough alarm in the mind of homebuyers for them to incorporate the site's existence into their pricing decisions. Indeed, in a small number of cases, the immediate proximity of the site may in fact be an attraction, reflected in negative significance on LNDIST for seven of fifty-seven sites in our regressions. Thus it is relatively clear, at least from our data, that not all NPL sites produce a negative effect on housing prices, nor do they necessarily produce similar impacts on local housing prices. 
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